Abstract Efficient in vitro regeneration of black gram (Vigna mungo L. Hepper) var. Sarala was achieved through organogenesis using cotyledonary explants excised from 4 days old seedlings on MS medium supplemented with 2.0 mg/l BAP. Organogenic calli were developed from cotyledonary tissues within 4-6 weeks of culture on MS medium supplemented with 3.0 mg/l 6-benzylaminopurine (BAP) along with 2.0 mg/l 1-napthaleneacetic acid (NAA). Shoot bud regeneration was achieved on MS medium supplemented with 2.0 mg/l BAP within 3-4 weeks of subculture. The number of shoots per culture varied from 1.12 to 8.75 in different growth media. The cultures incubated initially on dark photoperiod for 2 weeks and subsequently transferred to 16 h photoperiod showed higher number of shoot bud regeneration. The proliferated shoots were further sub-cultured on similar medium for higher rate of shoot bud regeneration. The elongated shoots were rooted on strength MS medium fortified with 0.1-0.5 mg/l NAA or indole-3-acetic acid (IAA) or indole-3-butyric acid (IBA) with 2 % (w/v) sucrose within 2-3 weeks of culture. The higher percentage of rooting was obtained on 0.1-0.25 mg/l NAA as compared with IBA or IAA. The rooted plantlets were transferred to soil mixture (soil: sand: vermi-compost, 1:1:1 ratio) and kept in the greenhouse with 85 % humidity. The regenerated plantlets were successfully grown with 75 % survival rate. This protocol can be used for genetic improvement of black gram.
Introduction
Black gram (Vigna mungo L. Hepper) belonging to family Fabaceae is an important nitrogen fixing, short-duration, tropical pulse crop grown in many parts of India. It is thought to have originated in the Indian subcontinent with maximum diversity in the Western Ghats [1] . Black gram plays an important role in Indian diet as it contains vegetable protein and also other minerals and vitamins. It supplies major share of protein requirement of vegetarian population of the country. Although India is the origin place for many of the Vigna spp. and it is widely cultivated, but the productivity is low. A number of biotic and abiotic stresses are severely affecting the production and productivity of black gram. Thereby, full realization of the yield potential of pulse crops is not achieved yet. So there is a need to increase productivity of black gram by developing new cultivars resistant to biotic and abiotic stresses. Pulses have narrow genetic base, thus in order to widen the genetic base and incorporate desirable character, there is an urgent need to use transgenic technologies for improvement of legume crops. Conventional breeding programs may be valuable, but to utilize molecular methods to introduce the genes for stress-associated mechanisms will give an added advantage for improvement program. For the successful transfer of genes, reliable and efficient in vitro regeneration and transformation protocol is a prerequisite. Grain legumes are comparatively recalcitrant to regeneration and transformation. In grain legumes, tissue culture has been repeatedly described as difficult [2, 3] . Regeneration from both organogenesis and somatic embryogenesis has been recalcitrant in legume crops [2, [4] [5] [6] [7] [8] . Scanty information are available on in vitro regeneration of black gram, but the reproducibility of these results is very meagre [9, 10] . The present investigation was to establish efficient protocol on in vitro shoot organogenesis from cotyledonary explants of V. mungo L. Hepper.
Material and Methods

Induction of Callus
The seeds of black gram (V. mungo L. Hepper) cv. Sarala were collected from Regional Research and Technology Transfer Station, Orissa University of Agriculture and Technology, Berhampur, Ganjam, Odisha. The seeds were surface sterilized with 70 % ethanol (v/v) for 1 min followed by washing twice with sterilized distilled water for 2-3 times. Seeds were treated with 0.2 % HgCl 2 (w/v) solution for 3 min followed by thorough washing for 4 to 5 times with sterile distilled water to remove all the traces of HgCl 2 and blot dried on sterilized filter paper. Sterilized seeds were germinated under aseptic conditions on MS [11] medium without growth regulators. The cotyledonary segments were excised from 4-days old seedling (Fig. 1A) and cultured in test tubes (25 9 150 mm) on various concentrations (0, 1.0, 1.5, 2.0, 3.0 and 4.0 mg/l) of 6-benzylaminopurine (BAP) or kinetin alone or in combination with either indole-3-acetic acid (IAA) or 1-napthaleneacetic acid (NAA) (0.1, 0.25, 0.5, 1.0, 1.5 and 2.0 mg/l) and 25-50 mg/l adenine sulfate (Ads) for induction of callus and shoot bud regeneration. The cultures were incubated either in dark for 2 weeks and subsequently transferred to 16 h photoperiod or continuous 16 h photoperiod with 25 ± 2°C for regeneration. The pH of the medium was adjusted to 5.7 before adding of agar-agar. The subculture was made at every 4 weeks interval in similar medium. The culture medium was autoclaved at 121°C at 17 kg/cm 2 pressure for 15 min. The data was taken at every 2-3 weeks interval with regard to percentage of callus formation, regeneration frequency, number of shoot buds per culture and shoot elongation. The experiment was conducted thrice with 15 replications per treatment.
Induction of Rooting and Transplantation
The elongated shoots (3-4 cm long) were excised and transferred to MS semisolid medium as well as liquid medium fortified with various concentrations of IAA or indole-3-butyric acid (IBA) or NAA (0.1, 0.25 and 0.5 mg/l) alone or in combination of IBA and NAA with 2 % (w/v) sucrose for induction of rooting. The cultures were incubated in 25 ± 2°C with 16 h photoperiod with 3,000 lux intensity. Rooted plantlets were transferred to earthen pots containing soil: sand: vermi-compost (1:1:1) mixture for hardening under greenhouse with 85 % humidity. The data was taken at 3 weeks interval with regard to percentage of rooting, days to rooting and types of root.
All the experiments were carried out in the laboratory under completely randomized design (CRD). The data were analyzed statistically by the Duncan's multiple range test [12] . Means followed by the same letter within a column were not significantly different at P \ 0.05.
Results and Discussion
In vitro shoot bud regeneration from cotyledonary tissues of black gram was achieved on MS medium supplemented with various concentrations of BAP or Kn supplemented with NAA or IAA. Culture medium without growth regulators did not show any positive effect on organogenic callus formation as well as shoot bud regeneration. Among the two cytokinin tested, BAP showed higher rate of shoot bud regeneration as compared with kinetin. BAP in combination with NAA also enhanced the higher frequency of regeneration as compared to BAP ? IBA. The inclusion of auxin in the culture medium showed the higher rate of shoot organogenesis. With increase of BAP concentrations (more than 4.0 mg/l) in the culture medium, the rate of regeneration was reduced. The maximum frequency of regeneration (68.3 %) was achieved on MS medium supplemented with 2.0 mg/l BAP and 1.5 mg/l NAA after 8 weeks of culture (Table 1; Fig. 1B ). The inclusion of adenine sulphate (25-50 mg/l) in the culture medium showed the higher rate of shoot bud elongation and regeneration. The culture medium having kinetin (1-2 mg/l) did not show any significant effect on shoot bud regeneration as compared with BAP. Addition of either auxin or adenine sulphate in the medium also did not affect the regeneration frequency. Shoot multiplication and propagation of black gram have also been reported by using various explants by different workers [9, [13] [14] [15] [16] [17] with increase of BAP concentration from 2.0 to 3.0 mg/l, the rate of shoot bud regeneration frequency increased but the shoot growth reduced. Further increase of either BAP or kinetin reduced the frequency of shoot bud regeneration. The cultures initially incubated for 2 weeks in dark and subsequently transferred to 16 h photoperiod, showed higher rate of shoot multiplication as compared with the cultures incubated in completely 16 h photoperiod (data not shown). The cytokinin has significant effect on shoot multiplication as reported earlier in other legume crops like chickpea and mung bean [7, [18] [19] [20] . In the present study, the maximum (8.75) number of shoot buds/culture was obtained within 8 weeks culture on MS medium supplemented with 2 mg/l BAP ? 1.5 mg/l NAA ? 25 mg/l Ads ( Fig. 1B; Table 1 ). Muruganantham et al. [9] reported that the multiple shoot induction (6 shoot buds/explant) was obtained from axillary shoots on medium having 1.0 mg/l BAP. Mony et al. [10] reported that the lowering of BAP concentration (1.0 mg/l) produced maximum number of shoots (9.33) in case of black gram. They had also stated that the increase the BAP concentration in medium resulted in the formation of callus.
For better establishment of plantlets in the field, well developed rooting system is necessary. Elongated healthy individual shoots ([4.0 cm) were isolated and cultured on different root induction media (half strength MS medium supplemented with IAA or IBA or NAA) alone as well as in combination for root induction. Root initiation was not achieved on medium without growth regulators. Root initiation developed in half-strength MS medium supplemented with 0.1-0.25 mg/l NAA or IBA after 8 to 10 days of culture (Fig. 1C) . The medium having NAA showed better root formation as compared with IBA ( Table 2 ). The medium having both IBA and NAA resulted in low percentage of rooting and formation of globular callus at the cut end. The percentage of rooting varied from 25.8 to 76.6 % depending on growth regulators used. The roots were branched, thin and elongated. However, IBA was effective for root induction as reported by Das et al. [21] and Geetha et al. [17] . Mony et al. [10] found that percentage of rooting was higher in IBA but number of roots per plant was higher in NAA.
Transplantation in Soil
The rooted plantlets were transferred to distilled water and kept for 72 h for acclimatization (Fig. 1D) . Further, the plantlets were transferred to polythene bag containing soil:sand:vermi-compost (1:1:1) and kept in the greenhouse for 15 days with 85 % relative humidity (RH). After 2 weeks, these plantlets were transferred to poly-house for hardening and final establishment (Fig. 1E) . Survival percentage of the transplanted plantlets was 70-75 %. Further, the plantlets grew normally.
